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INTRODUCTION

Daily Doppler observations of Navy Navigation Satellites are made by
about 20 receivers operated by the Naval Astronautics Group ("OPNET" Stations),
the Defense Mapping Agency ("1TRANET" Stations) and cooperating international
observations. The Naval Astronautics Group uses the observations made by
its four receivers to compute the "broadcast ephemeris" which is injected
in the satellite memory, transmitted in real time, and used for navigation
and some geodetic applications. The Defense Mapping Agency uses the observa-
tions made by the entire station network to determine a "precise ephemeris"
used in non-real time calculations of geodetic positions of portable receivers.
Periodically, the base station network composed of the 20 receivers discussed
above is supplemented by 10 to 15 portable receivers deployed primarily to
obtain additional data on geodetic satellites such as the GEOS-3 or SEASAT-1
altimetry satellites. During these periods, one or two Navy Navigation Satellites
are also observed by the portable equipment in order to calibrate their
clocks and determine the receiver positions. On these occasions, the precise
ephemerides are computed on the basis of the observations of the expanded station
network.

The Naval Surface Weapons Center routinely computes the positions of the
receivers in the base or expanded station network using the observations made
on one Navy Navigation Satellite in order to monitor the stability of the
coordinate system established by the precise ephemerides. Previous reports
(Malyevac and Anderle, 1978) showed that the results of these computations were
close to the precision required for plate tectonic studies, but that systematic
errors existed in the results. A series of changes in operational and computa-
tional procedures was listed which could reduce the systematic errors. This
report gives the results obtained after implementing some of the procedures.

SYSTEM CHANGES

The data discussed in this report were observed during the period 1973-1982.
During this period, no significant changes were made in the force field used
in the ephemeris computations and no intentional changes were made in the station
coordinate system. When stations were added or antenna locations changed,
the normal procedure is to compute a set of coordinates for the site which
is consistent with the ephemeris. This procedure should maintain the consistency
of the coordinate system defined by the ephemeris. One change made during
this interval could have disturbed the coordinate system. In August, 1978,
the coordinates of each station for each pass were added as parameters of the
solution with a weight for the a-priori coordinates corresponding to an
uncertainty of 1 m in each coordinate. The intention of this change was to
recognize the error in the ephemeris due to force model errors so that observa-
tions with small standard errors will not overwhelm those which have errors
which are somewhat larger, but still'less than those corresponding to the
ephemeris error. However, the effect of the change also tends to equalizeF any differences in strength of data which might exist in observing systems

f! . .. . ... .1



such as portable equipment compared to base stations or TRANET stations versus
OPNET stations. No significant change in the coordinate system was noted
in tests conducted prior to the installation of the change, but subtle differences
could have escaped detection.

Forty of the sites occupied during the period considered and for which
results are given in this report are listed by plate and in numerical order
in Table 1. The satellite subtracks observed by these sites at elevation
aagles above 10 degrees are shown in figure 1. The sites with five digit station
numbers as well as station 127 in Shemya observed only intermittently during

• "the latter portion of the time period covered. Although the results for these
sites are not currently useful for crustal or plate tectonic studies due to

", the shorter occupation period, the combination of this data with data obtained
*" in the future may produce useful results. In addition, other sites were occupied

in Shemya and Sicily early in the period. If the terrestrial connections
between the old and the new sites can be located, the results for these sites
may be useful sooner. Although only limited data early in the time period are
available for stations 195 (Palmer) and 196 (Casey) on the Antarctic continent,
the data were processed in the event that survey markers at these important
sites can be recovered and reoccupied in the future. The remaining 23 sites,
which include 10 sites on the North American plate and 13 sites distributed
among seven other plates provided data which is precise enough to determine
useful bounds on plate motions, if systematic errors are not excessive.
Three of the sites started operation somewhat after the beginning of the
period considered in this report: Ottawa started in 1974, Florence in 1975
and Calgary also in 1975. Antennas at seven of the sites were moved during
the time period. The changes in antenna locations in England in 1976, and
from Maryland to Virginia in 1976 were large enough so that uncertainties
in terrestrial connections could affect the accuracy of the results. The
antenna changes in New Mexico in 1976, Alaska in 1976, Greenland in 1977,
Ottawa in 1976 and Calgary in 1979 were small enough so that the accuracy
of the results would not be affected if terrestrial connections between the
old and new sites were made properly and if the ground plane effects on the

* signal are the same at the two sites. Of these five small changes, there is
no evidence of difficulty in the survey records other than an uncertainty in
an azimuth in Alaska which leads to an uncertaintk in the East-West (actually
700 East of North) direction.

COMPUTATIONAL PROCEDURES

Satellite ephemerides were computed by the Defense Mapping Agency Hydrographic/
Topographic Center at two day intervals and provided to the Naval Surface
Weapons Center along with the pre-processed, filtered observations used in
the computations. The parameters of the orbit fit included six constants
of orbit integration, either one or two drag scaling factors depending on
the level of solar activity, and the components of pole position for each
orbit fit, and a frequency and tropospheric refraction scale parameter (with
10% uncertainty assigned to a-priori refraction) for each satellite pass
over each station. Starting in August 1978, the coordinates of the station

2
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TABLE 1. DOPPLER SITES OCCUPIED 1973-1982

P6ATL *of.0t PLATE

I u APEArICA
a So AMfkRICA
J PACIFIC

S PHMLLIIE
*, AUST RLIAM

ANT ATIC
AFkICAA

; . 9A A I I A N

is NAZCA

STATIOS Un NO AMEKICA PLATE STATIfM LOCATION PLATE
14 VIRGIkIA I a BRAZIL 2 2 so AMERICA
Ii3 "o MEXICO Ad £A MSAIM 4 4 EURASIAN
192 TEXAS 3 £L EGCLANO 4 4 EURASIAN
"M MAINE 4 IS NCHUROO , ANTARCTIC
39o MIN1.SOTA s as SEYCNELLES a 8 AFRICAN
330 CALIFCANIA 4 2£ BELGIUM1 4 4k EURASIAN

116" AUSTINX. 2 P141LIPINES S 9 PNILIPPINE
16 OTTAWA S 23 Gum* S 9 PW1LIFFINE
jas CALGARY 2 a4 SANCA A PACIFIC
I.4 ALASKO Is 27 JAPAN l. 4 EURASIAN
i5 GR4.Eoi.AN i as OTTAWA I I NO AMERICA
121 SATvA I&£ LS SO AFRICA a 4 AFRICAN

£1619 CANMS AY 13 to7 VIRGINIA I I NO AMERICA
asasa KINGMAN £4 111 MARLAND I 1 NO AMERICA
II SNENVA is Ill AUSTRA&IA 6 AUSTIAIAN

* 11249 GARO.C.,TX 5 11 MEN MEXCO IC 1 S NO AMERICA
3tas MIH.F..T I7 114 ALASKA 1 I NO AMERICA
SlZt? AP.C. $S0 iB Li6 ENGLAND 4 b EURASIAN
s&216 UKAH ,i 114 GREEMLANO I I NO ANE1CA
stte ShOUX C.IA 2 1aS CALGARY I I NO AMERICA
Joe 10t V1IA A at 1T SNENVA I I NO ANERICA

at UTTAwA aa saG OTTANA I I NO ANEICA
All MAVLAN 21 12 TEXAS I 1 NO AMERICA
191 PA4 PATRICK 24 195 PALMER 7 ? ANTARCTIC
sea CANON. SAY £s £19 CASI 7 1 ANTARCTIC

MS7 •ERMUDA 26 1? SIENTA 1 £ NO AMERICA
ai ig RAINE I I NO AM9R1A

STATILokS CA SO AndICA PLATE s age NINSOTA I I NO AMERICA
5 IMZIL fl 34 CALIFORNIA 1 £ NO AMERICA

l8181 SIUITo Is a04 HANAII 1 5 PACIFIC
seats ASUASIM It 150 CATANIA 4 * EURASIAN
Seas SANTIAGO $2 3S1 PR.PATRIC I I NO AMERICA

33 15£ CAME. SAX I I NO AMERICA
STATIOtS OR PACIFIC PLATE 14 G41 ITALY 4 to EURASIAN

14 NAAII IS 18O64 ASCENSION 5 5 AFRICAN
4 SAMOA So £6112 Noel a 3 PACIFIC

leae NANSI* S? 1SI4 ENAJELEIN I S PACIFIC
1*1 RIOUAY 16 aeis POLE SITE as 2 ANT. ICE
5li . KMJIKEIMN II aetl POLE as 26 ANt. ICe

16969 TANITI 40 2eaea KINAN £ £ NO AMEICA
41 asse CATANIA 4 4 EURASIAN

STATICNS ON EURASIAN PLATE 4£ S te1 QUITO 1 s 5o AMEACA
£7 JAPAN 41 34122 ASUNION a 2 SO AMERICA

31set GYPUS 44. 012 ST NILNA a AFRICAN
seaee eANGKOK 45 312 KINSMASA 5 S AFRICAN
96&4& CATANIA 46 35138 CYPRUS 4 4 EURASIAN

116 ENSCANO 47 31 "NAAIL 1 5 PACIFIC
is SELGIUM 40 lase SANTIAGO 2 2 So AMERICA

541 ITALY 41# 3 446 NAPIER 7 7 ANTARCTIC
156 CATANIA 6 less VIRGINIA I I NO AMERICA
i MISANA St 3710 ASTER £50 I5 MiCA
i E NGLANO i lI71 TONNSVILLE 6 • AUSTRALIAN

MIS6 ALORES Cl ls A SANGOK 4 4 EURASIAN
94 sawI 1 8405 AUSTRALIAN

STATIGNS ON PHILIPPINE PLATE S S AIoRES 4 4 EURASIAN
£5 GUAM S sees? SERMUBA I I NO AfEICA
22 PHILIPINES 5? 0IS PEIN 5 6 AUSTRALIAN354 Seib: TANITI 1 1 PACIFIC

STATIONS ON AUS1RALIAN PLATE 51 3176 CANy AFRICAN
Its AUSTRALIA 55 31tSS CAMR BAY I I NO AMERICA

"l CACOS 5£0 sl61 AUSTINTX. I I NO SAMICA,
16795 TOINSVILLE 62 31EGS GARO.C. *.X I £ NO ANEICA
50956 PIJIN 55 SiaS NICN.F. 97 I 1 NO AMERICA

684 ItaS? RAF.C.,SO A I NO AMRICA
STATIONS GN ANTARCTIC PLATE 45 1125 SIOUX C.IA I I NO AMERICA

19 I UO0 56 31114 BAHRAIN I I ARAGIS
£95 PALMER 6? S311 UKIAM I t MO AMERICA
14 CASIE

1440 NAPILR

STATIuNS uk AFPrICAN PLATE
1465 ASCENSION

£6 SEICHILLES
i126 KINSASA
Isls ST NELENA
lo SO Af#ICA

£1976 CANARY

STATI-NS On AkABIA1 PLATE
S11 dANAIN

STATIO&S UN hAZGA PLATEr leJo LASTiR
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for each pass of the satellite over each station were considered parameters
of the solution with a one meter uncertainty assigned to the a-priori coordinate
components. The coordinates of newly occupied stations were considered
parameters of the solution until accurate coordinates could be computed.

-: These ephemerides and observations were used by the Naval Surface Weapons
Center to compute the coordinates of the stations for time spans of observation
of either five or thirteen days. The parameters of each solution included,
in addition to the coordinates, a tropospheric refraction scaling factor,
a frequency bias, and translation parameters for the satellite ephemeris for
each pass of the satellite over each station. The a-priori refraction was
assigned an uncertainty of 10% and the a-priori ephemeris components were
assigned an uncertainty of one meter. A linear fit was made to the solutions
for the coordinates of each station over the ten year time period, and solutions
were rejected which differed from the line by more than 2.5 times the standard
deviation of the fit. In addition to the linear fits to the data from each
station, mean coordinates for each site were computed from the filtered
solutions, and mean relative coordinates and linear fits to relative solutions
for each pair of stations were computed on the basis of filtered solutions for
common times. The fits were made considering equal weights for each solution
and also using weights corresponding to the number of passes in each solution
in order to represent the statistical strength of the thirteen day fits
relative to the five day fits.

The computational procedures used in the analysis discussed in this report
differed from those in a previous report (Anderle and Malyevac, 1978) in the
following ways:

1. More recent data are included in the current report. The more
recent data reduced the effect of antenna changes somewhat since a longer time
span of data are now available with the most recent location. However,
ionospheric effects are more severe in recent periods affecting the observations
directly due to neglected third order ionospheric effects and indirectly in
their effects on the atmospheric drag on the satellite.

2. Refraction scaling factor was considered for all data discussed
in this report.

3. The orbit was considered exact in previous analysis but was
assigned a one meter uncertainty in solutions discussed in this report.
A study (Anderle, 1982) indicated the orbit relaxation improved the consistency
of solutions somewhat even when the orbit uncertainty is independent for each
pass over each station.

4. In this report the changes in relative station positions were
computed from data observed concurrently by each station pair as well as
from the total set of data observed by each station.

...................



RESULTS

Graphs of the corrections to the nominal coordinates for each five
or thirteen day set of data are given in Appendix A for each station.
The source of the periodic variations in station heights has not been identi-
fied. The average increase in height may be due to increasing levels of
solar activity which increase neglected third order ionospheric effects.
The mean solutions are given in Table 2. Mean solutions for relative coordi-
nates and the constants for the linear fits to relative coordinates are given

* in Appendix B. The rates of change of relative coordinates and the standard
*error of these rates are given in Appendix C while the residuals of fits for

the constant fits and the linear fits are given in Appendix D. The relative
rates and standard errors for those solutions where the standard errors are
less than 10 cm/yr are summarized by datum in Appendix E for intra-datum
relative motions of stations and in Appendix F for inter-datum motions.

The rates of change of latitude and longitude and the standard errors
of those rates corresponding to the residuals of the linear fits are given
in Table 3 for the 23 stations which provided the most data. The absolute
rates are given in the left half of the table while the rates relative to
Texas are given in the right half of the table. Texas was chosen as a
reference because it was the only site in North America for which data
were taken at only one antenna site throughout the ten year span considered.
The relative motions are also shown in figure 2. The mean rates for each
plate based on the Doppler satellite solution and based on the AM2 fit to
geologic data by Minster and Jordan (1978) are given in Table 4, while the
relative geologic rates are shown in figure 3. Although the signs of the
average Doppler and geologic absolute motions happen to agree, the average
Doppler absolute longitude rates should be zero for some data weighting
because of a lack of absolute longitude reference. The strong tendency
for negative rates indicates a gradual shift in the reference system due to
antenna changes or some still undetected inconsistency between the satellite
orbit computation and the station coordinate computation. (As mentioned
earlier, the change in orbit computation procedure in August 1978 could
conceivably introduce a reference system change.) It is therefore probably
more meaningful to compare the rates relative to some plate, such as North
America, as shown in the lower part of the Table.

The lower part of Table 4 shows that, relative to the North American

plate, the Doppler derived motions of the Pacific plate in longitude, of the
European plate in longitude and of the Australian plate in latitude are
highly significant compared to the standard error of the solution. The
latitude rate of the African plate is marginally significant. Considering
the 1-5 cm/yr standard errors of the Doppler determinations, none of the
components are significantly different from the geologic determinations
except for the high latitude rate obtained for the Australian plate. However,
all four statistically significant Doppler motions are about twice the
geologic motions.

Although the Doppler satellite motions and geologic motions were determined
for different time periods and different geographic positions, the higher
Doppler rates could easily be due to eit1'er statistical variations or

6
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TABLE 3. COMPARISON OF ABSOLUTE AND
RELATIVE RATES (CM/YR)

ABSOLUTE RELATIVE TO TEXAS
RATES STD ERR RA TES STD ERR

LONG LAT LONG LAT LONG LAT LONG LAT

NORTH AMERICA
Virginia -3.3 -3.8 6.1 4.8 11.9 5.2 12.2 8.1
New Mexico -0.2 1.7 1.3 1.1 6.5 -4.5 3.1 2.4
Alaska -6.3 -9.4 1.5 1.3 -1.5 -15.5 3.3 2.6

* Greenland 10.2 6.6 3.1 2.8 16.8 -0.3 4.7 4.3
Texas -4.5 7.5 3.0 2.1 -- -- -- --
Maine -4.6 -2.2 2.0 1.3 3.7 -8.8 3.5 2.7
Minnesota -9.5 4.9 1.9 1.3 -3.4 -1.1 3.3 2.5
California -7.4 7.1 1.6 1.2 -2.1 0.4 3.2 2.4
Ottawa -7.0 8.9 5.2 4.5 -13.1 -0.4 7.7 5.9
Calgary -37.4 -5.3 5.6 3.2 -41.6 -7.8 9.5 6.6

EURASIA
Belgium 1.0 2.5 1.6 1.2 5.9 -4.9 3.6 2.3

* Japan -2.9 -7.3 2.7 2.3 -4.7 -16.1 4.4 3.5
England 6.3 -10.9 8.3 6.1 11.8 -15.1 15.0 9.6
Italy 22.4 6.9 5.1 4.0 3.4 -12.1 7.7 5.4

AFRICA
S. Africa -0.4 9.1 1.5 1.5 8.1 1.9 3.6 2.9
Seychelles -8.2 -4.1 3.7 2.6 9.2 -14.9 6.4 4.7

* PACIFIC
Samoa -18.3 7.6 3.2 2.3 -11.5 2.6 4.3 3.4
Hawaii -13.7 -1.9 2.5 1.7 -6.3 -7.9 3.2 3.0

PHILIPPINE
* Philippines 0.9 -1.6 2.5 2.3 13.9 -5.5 5.0 4.8
. Guam -8.5 0.3 2.6 2.0 -4.9 -4.9 4.1 3.2

AUSTRALIA
Adelaide -5.5 17.0 1.5 1.6 1.0 10.7 3.3 2.4

ANTARCTICA
McMurdo -1.3 0.7 4.1 4.1 10.5 -5.3 5.9 5.8

SOUTH AFRICA
Brazil -4.1 4.0 2.8 1.9 0.5 -1.9 4.7 3.1

8
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systematic errors in the Doppler results, or a combination of both. Table 3
shows a number of instances where differences in the rates of different sites
within the same datum are unreasonable considering the standard errors and
the rigidity of the plates. Some of the discrepancies may be due to changes
in antenna locations and others due to overly optimistic standard errors.
The standard errors can be optimistic because the data are not evenly dis-
tributed over the ten year span of the linear fit. Appendix A shows that
the preponderance of the data used in this study was observed in 1980 and
1981. Therefore the residuals of the linear fit, used to compute the standard
errors, will not reflect longer period variations in station positions.
Appendix B also shows large annual variations in station heights. The computed
rates of the station heights were generally unreasonably large, with the
majority in the range of 10 to 30 cm/yr. These results indicate systematic
errors in the Doppler system, probably due to neglected higher order ionospheric
effects (Clynch and Renfro, 1982), which might also affect horizontal positions.

PROSPECTS FOR THE FUTURE

Only about 25 percent of the data observed for one satellite during the
ten year period was processed to determine the results given in this report.
Processing of the remaining data for this satellite during the period should
reduce the standard errors of the results by a factor of two, which might

. produce additional statistically significant results. The more complete
data set will allow tests to be performed to determine whether antenna
changes cause discontinuity in the results, and whether the motion of sites
is continuous over the time period or correlated with a change in ephemeris
computation procedure. In future years, firmer results will be available
for the Eurasian plate and additional sites will provide data on other plates

, such as the Australian and South American plate.
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APPENDIX A

GRAPHS OF STATION COORDINATE CORRECTIONS
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APPENDIX B

SOLUTIONS FOR MEAN COORDINATES
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APPENDIX C

RATES OF CHANGE OF STATION COORDINATES
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APPENDIX E

INTRA-PLATE RELATIVE MOTIONS
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OCPPLEi NAVSAT SOLUTICN NSWC820907

INTRA PLATE OEFOAMATIONS
NO AMERICA PLATE

RATES (CN/YR) STANOARO ERRORS
REF STA LuCATiCN TG STA LuCATLCN LONG LAT HEIGHT LCNG LAT HEIGHT

113 NEW MEXICO 114 ALASKA -5.1 -10.9 -25.5 1.8 1.6 1.9
113 NEW MEXICO 118 GREENLANO 10.8 9.5 -29.2 3.7 3.5 4.0
113 NEW MEXICO 192 1EXAS -6.5 4.5 -8.2 3.1 .24 2.6
113 N.W M-XICO 310 NAINE -5.6 -3.1 3.5 2.3 Lo 1.8
113 NEW MEXICO 320 PINNESOTA -10.6 2.1 -20.7 2.0 1.6 2.0
113 NEW M.IXCO 330 CALIFERNIA -8.6 4.8 -11.6 1.7 1.3 2.2
113 NEW MEXICU 126 OTTAWA -13.4 2.0 -43.7 5.2 4.8 5.6
113 NEW MEXICO 125 CALGARY -38.4 -4.3 19.3 ?*8 5.4 6.7
113 NIW MEXICO 107 VIRGINIA -b.9 -7.5 4.4 6.6 7.0 8.2
114 ALASKA 118 GRIEENLANO 16.3 14.0 -5.8 3.6 3.2 3.8
114 ALASKA 192 TEXAS 1.5 15.5 16.9 3.3 29b 2e5
114 ALASKA j10 MAINE 1.a 7.4 26.1 2.8 1.7 1.9
114 ALASKA 320 MINNESOTA -5.9 13.7 4.2 2.3 1.7 2.0
114 ALASKA 330 CALIFCRNIA -1.9 15.6 17.0 1.9 1.5 2.24
114 ALASKA 128 OTTAWA -t. 18.3 -20.5 5.9 4.5 5.4
114 ALASKA 125 CALGARY -36.7 11.6 39.4 6.5 5.4 5.0
114 ALASKA 107 VIRGINIA -15.1 .6 14.8 8.3 7.8 7.4
118 GRE-NLANO 192 TEXAS -lb.8 .3 20.0 4.7 403 4e5
118 GRt.N&AhO 310 MANgi -15.2 -8.6 36.1 4.2 3.8 4.1
118 GkENLAND 320 MINNESOTA -22*.4 -6.4 7.6 4.2 3.e 3.8
118 GmEENLANO 330 CALIFCRNIA -18.8 -3.2 23.1 3.5 3.6 4.3
118 GREENLAND 128 OTTANA -15.4 7.4 -20o2 8.8 9.3 10.9
192 TtXAS S10 MAiNE 3.7 -6.8 11.7 3.5 2.b 2.9
192 TEXAS 320 MINNESOTA -3.4 -1.1 -11.3 3.3 2.5 3.3
192 T.XAS 330 CALIFCRNIA -d.1 .4 .5 3.2 2.4 3.4
192 TEXAS 128 OTTAWA -13.1 -.4 -37.6 7.7 5.9 7.5
192 TEXAS 125 CALGARY -41o6 -708 18.6 9.5 6.6 7.8
310 MAINE 320 MINNESOTA -6.1 6.1 -23.1 2.5 1.7 20
310 MAINE 330 CALZFCRNIA -3.4 8.5 -13.3 2o 1.8 2.3
310 MAINL 128 OTTAWA -13.1 14*6 -2901 6.5 4.8 5.6
310 MAINE 125 CALuARY -28.5 7.6 16.3 9.9 5.8 6.9
310 MAINE 107 VIRGINIA 9.5 -7.0 33.5 Sob 6.1 6.7
320 MINNESOTA 330 CALIFCANIA 1.1 2.2 7.8 2.2 1.5 2.7
320 WlNi4ESGT A 128 OTTAWA -1.1 -.8 -39.0 6.5 4.9 5.6
320 MINNESTA 125 CALGARY -35.0 -9.7 24.7 5.7 !.b 5.1
330 CALIFOIRNIA li& OTTAWA -7.8 -7.0 -12.2 5.4 4.7 b.8
330 CALIFO RhA 125 CALGARY -41.2 -18.7 46.3 5.4 3.1 6.3
330 CALJFCRNIA 1G? VliGINIA -6.5 -15.6 73.0 9.2 6.8 9.9
128 OTTAWA 125 CALGARY -26.9 -11.0 51.7 4.9 7,6 6o2
128 OTTAWA 107 VIRGINIA 15.5 -5.6 16.4 9.6 b.0 8.7

WEsGHTEU MiAN OF ABSOLUTE RATES -4.7 1.2 .3
STANOAAO tR OR OF liIGhlEO MEAN .7 .5 .8

ODFPO.ER NAVSAT SOLUTION NSwC8iJ907

FIGURE E,-1
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INTiA PLATE DEFOdIIATIJ4S
* SL AmtkICA PLATE

IkATE S (Cu/Vk) "STANDARD ER14ORS
RtF STA .. ICATICh TO SEA LUCA IION LCNG LAY HIIH LUN LAY H4EIGHT

WEII.HELU flcAN U) AeSULUFE RATES -4.1 4.0 7.0
SA~11.A LN.%O U)V 1i1klO MEAN a.0a 1.9 2.0

ULkP&ELs NAVSAE SVLUTLuh NSWcG82oSO?

.NTRA OLAFE CEFOKMATIUiNS
PACIFiC PLATE

RATE S fCM/VA) STANDARD ERRORS
Rom ST* .uGATjh~ TO SEA LUCAT.ON LONG LAT HEIGHT LUNG LAY HEIGHT

,e4 SAM.A 340O i'AIAII 3.2 -12.8 -a.5 1.6 2.4 1.6

8El.$OLO MEAN OF ABOLUTEDRATES -14.7 2.3 26.4
STANOAI) (EiR R CF REIGHTEO MEAN 1.9 1.3 2.0

OCIIPLEk NAYSAT S(JLUTILE. NsWcezoq9?

!NTRiA PLATE OLFOAMAT IONS
LURASIA. PLATE

f(ATES (CM./VRI STANDARD ERRORS
REF STA &.OCATILN TO SEA LOCATION LONG LAY HEIGMT LONG LAY HEIGHIT

21 dELGIUM 27 JAPAN -5.8 -9.8 2.6 3.2 2.8 2.8
21 SELvlUM b41 ITALY 3. 5 4.0 -.5 5.1 4.5S 4.6
2? JAPAN tEal ITALY 11.9 18.0 -13.3 b.2 5.6 5.1

10130 CV.WS 202841 CATAkIA 6. -2.6 9.3 b.? 4.b 10.3

NEIG#41ED MEAN uF ABSOLUTE RATES 1.5 .8 12.9
STANDARD tkNO OF WEltbMTO MEAN 1.2 .9 1.2

OGPPLER NAWSAT SG4.UTIUh NSWC820907

INTAA PLATE DEFORMATIONS

PHILIPPINE PLATE

RATES (CN.'YR) STANOA40 ERRORS
REF STA LOCAOICN TO SEA LOCATION LONG LAY HEIG14T LONG LAY HEIGHIT

23 fiuAM 22 PHILIPINES 11.3 1.8 .3 4.2 3.4 1.5

WEIGHTED MEAN OF ABSOLUTIE RATES -3.5 -. 5 27.9
STANDARD EoirCR OF WEIGHTED MEAN 1.8 1.5 2.41

OGPPE...E )AVSAT SOLUTION NSWC020907

INTSA PLATE DEFOmMATXONS
AUSTRALIAN PLATE

WAES CC%/Voll STANDARD ERRORS
xEF STA LUCATION TO STA LOCATI.JN LONG LAY HEIGHT LONG LAY HEIGHT

WEIuiHTtO MHAN OF ABSOLUTE RATES -5.5 17.0 7.1
STANOAkU E..NOR OF WEIGHITED MEAN 1.5 1.6 1.3

QOFPLLK NAVSAT SOLUTEION hSWC620987

.NTRA PLATE DEFORMATIONS
ANTARCTIC PLATE

RATES ICM/VA) STANDAAD ERRORS
AtF STA LUUATLEN TO STA LOCATION LONG LAO HEI1GHT LONG LAY HEIGHT

w~lwmIO MEAN uF ABSOLUTE RATES .1.3 .7 9.2
STANDARD EbsAOR UP OEIGHItO MEAN 4.1 4.1 4.0

Du.FPLEA MAVSAT SuLUT ION N5d8020907

INTRA FLATE DEFOK14ATIOJNS
AFRICAN PLATE

RATES ICMIVR) STANDARD ERRORS
kEF STA LOCATION TO SEA LOCATIoN LCNG LAO HEIGHT LONG LAO HEIGHT

20 SLYCMEL&ES 105 SO AFAICA 3.2 10.'s -J.? 4.t 3.1 3.9

WtiAUNTLO McAm UF ABSOLUTE RATES -1.5 5.6 1S.7
TANOAHU ERROR UF hLltO MEAN 1.4 1.3 ..

OJPP&.EN N*ASAT SULUTIL). NSWC820907

FIGURE E-2
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JO)FPLER NAVSAT SULUTION NSWC820907

RELATIVE PLATE NOTIONS
FROP 1 O AMERICA TO EURASIAN

RATES (CM/YR) STANDARD ERRORS
(F STA LOCATION TO STA LOCATIOLN LONG LAT HEJGIT LONG LAT HEIGHT

113 NE.W MEXICU 27 JAPAN -3.9 -11.5 1.6 3.1 2.5 2.5
113 NEW MEXICO 641 ITALY 11.3 .1 -2.3 5.5 5.1 4.4
114 ALASKA 27 JAPAN 4.2 5.1 29.2 3.2 2.4 2.8
114 ALASKA 641 ITALY 264. 19j.7 28.8 6.0 5.8 5.4
118 GREtNLAND 27 JAPAN -15.7 -18.7 30.6 4.7 5.1 5.2
118 GRtEENLAND 641 ITALY -5.8 .1 51.2 9.2 8.5 9.0
192 TEXAS 27 JAPAN -4.7 -16.1 14.7 4986 3m6 4.Z
192 TEXAS 641 ITALY 3.4 -12.1 11.2 7.6 5.4 6.3
310 MAINE 2? JAPAN -594 -2.3 .7 3.1 2.8 3.0
310 MAINE 641 ITALY -2.0 14.7 8.0 6.8 4.9 3.9
320 M.NNESOTA 27 JAPAN 2.8 -13.5 23.6 3.5 2.7 3.6
320 MINNESOTA 641 ITALY 16.2 -2.3 7.1 5.9 4.8 3.9
320 MINNESOTA 30130 CYPRUS 7?1 -1.4 30.5 9.3 7.3 15.8
320 MINNESO7A 20284 CATANIA ZC.0 4.7 25.8 9.3 8.1 9.6
330 CALIFONtA 27 JAPAN 6.3 -17.0 18.7 3.4 2.4 3.4
330 CALIFORNIA 641 ITALY 14.04 -8.2 20.3 5.9 5.4 5.8
128 OTTAWA 641 ITALY 18.3 -.7 53.2 7.5 6.8 6.4
113 NEW MEXICO 21 BELGIUM .6 1.0 -.2 2.0 1.6 1.8
114 ALASKA 21 BELGIUM b.? 12.3 2590 2.3 1.6 1.7
118 GREENLAND 21 BELUIUM -9.6 -4.0 34.2 3.7 3.3 4.0
192 TEXAS 21 BELGIUM 5.9 -4.9 9.1 3.4 2.3 3.0
310 MAINE 21 BELGIUM 5.6 4.8 -2.2 2.4 1.7 1.6
320 MINNESOTA 21 BELGIUM 11.1 -1.8 20.5 2.3 1.6 1.8
J30 CALIFIRNIA 21 BELGIUN 9.9 -3.8 11.3 2.2 1.7 2.5
128 OTTAWA i21 8ELGILM 16.2 -9.8 48*4 5.8 4.4 5.1
128 OTTAWA 2? JAPAN 10.84 -8.4 45.6 6.7 5.9 6..
125 CALGARY 21 BELGIU 40.4 -.7 -15.8 7.8 4.6 b.1
125 CALGARY 27 JAPAN 40.8 -4.3 -12.9 9.1 6.0 7.5
125 CALGARY 641 ITALY 70.2 747 -23.9 9.6 6.1 7.6
107 VIRGINIA 21 BELGIUM 12.3 -6.8 -.2 7.9 7.0 7.7

FIGURE F-1

F-3
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0QPP&Ek NAYSAT SOL.UTIOh NSWC820907

RELATIVE PLATE NOTIONS
FkCt NG AMERICA TO SO AMERICA

' RATES (CM/VA) STANOARO ERRORS
"cF STA LOCATION TO STA LOCATION LONG LAT HEIGHT LONG LAY HEIGHT

113 HEW MEXICO 6 BRAZIL -2.4 44 -5.4 3.1 2.5 2.4.
114 ALASKA 8 BRAZIL 1.4 14.7 21.6 3.2 21 2S
11 GkEENLAhO 6 BRAZIL -19.0 -1.9 26.3 4.7 3.7 4.4
192 TEXAS 8 BRAZIL .5 -1.9 6.5 4.7 3.1 3S
310 MAINE 6 BRAZIL 2.9 .3 -7.1 $9 2.4 2.4
320 MINNESOTA 8 BRAZIL 7.0 1.0 16.1 3.5 2.2 2.6
330 CALIFCRNIA 8 BRAZIL 4,5 -1.2 3.8 3.3 2.1 2.9
128 OTTAWA 8 BRAZIL 1.0 13.8 40.6 9.7 7.3 7.5

RELATIVE PLATE NOTIONS
FROP tNO AMERICA TO PACIFIC

RATES (CM/VRA STANOARO LRRORSkEF STA LOCATION TO STA LOCATION LONG LAY HEIGHT LONG LAY HEIGHT
113 HEW MEXICO 340 HAWAII -14.1 -3.7 1461 2.4 2.1 2.0
114 ALASKA 340 HAWAII -S.5 8.0 40.3 2.6 1.9 2.2
116 GK:ENLANO 3.40 HAWAII -25.4 -88 43.6 4.2 ".6 4.0
192 TEXAS 340 HAWAII -C.3 -7.9 24.7 3.8 3.0 3.1
310 MAINE 340 HAWAII -9.. 1*2 11.8 3.2 2.2 2.1
320 MINNESOTA 340 HAWAII -4.0 -6.1 34.1 2e 20 2.5
.30 CALLFGRNIA 34B HAWAII -4.7 -47 25.7 2.6 2.0 2.6
113 Nt.W MEXICO 24 SAMOA -18.0 6.5 16.0 3.3 2.6 3.3
114 ALASKA 24 SAMOA -11.7 18.9 3909 3.6 2.3 392
118 GREENLAND 24 SA1OA -38.0 3.9 51.2 S.2 4.9 s.
192 TEXAS 24 SAMOA -11s 2.6 ZS6 4.3 3.4 4.3
310 MAINE 24 SAMOA -12. a 10.9 14.0 3*6 2.6 3.7
320 MINNESoTdA 24 SAMOA -8o7 3.2 39.4 414 2.8 3S
330 CALIFCRhIA 24 SAMOA -19.6 1.0 27,2 3,5 2.6 3.6
128 OTTAWA 24 SAMOA 3.9 -4.7 66.0 6.4 6,3 6,2
128 OTTAWA 340 hAWAII 6.7 -1.4 b21 68 6e3 6.0
125 CALGARY 24 SAMOA 28.0 1.3 10.4 9.9 s.6 9.7
125 CALGARY 340 HAWAII 36.2 -26 9.7 7.2 4.9 690.

RELATIVE PLATE MOTIONS
FkON NO AMERICA TO VNILIPPINE

RATES (CM/TAD STANDARD ERRORSR.F STA LOCATION 1O SYA LOCArION LONG LAT HEIGHT LONG LAr HEIGHT
113 NEW MEXICO 22 PHILIFINES -01 -.5 16.2 3.3 2o7 31
114 ALASKA 22 PHI .1 F1 NE S 4.3 10.4 37.1 3.o 2.6 4.1
116 GIREENLAhO 22 PHILIFINLS -7.9 2.5 24.8 6o4 *%.2 709192 TEXAS 22 PHILZPINES 13.9 -5.4 25.9 5.0 4.8 SS
310 MAINE 22 PI-ILIFINES 7*5 1.8 Ix1 4.1 2.9 4.0
320 MINNESOTA 22 PHILIPI qES 12.2 -2.6 31.1 3.1 2.8 3.6
330 CAL.FCRNIA 22 PILIPINES 8.0 -4.5 d.8 3.3 2.5 4.5
113 MN MEXICO 23 GUAM -11.1 -1.2 16.0 2.7 2.3 2o3
114 ALASKA 23 GUAM -SO 9.8 40.3 2.9 2.2 2.4
118 69iiNLAhO 25 GUAM -20.9 -6.7 44.3 4.5 4.3 49S
192 TEXAS 23 GUAM -4.0 -4.9 25.1 4.1 3.2 3.5
310 MAINE 23 GUAM -5O3 2.4 14.5 3.4 2.3 2,4
320 MINNESOTA 23 GUAM -.3 -3.2 37.9 3.2 2.2 2.8
330 CA.iFORNIA 23 GUAM -107 -6.S 27.1 2-9 2.3 JI
128 CTTANA 23 GUAM 7.4 -2.6 70.6 7.s 5.7 6.9
126 OTTAWA 22 FHILIPIN.S 12.7 -S.1 62.6 6.6 S.' ?.312S CA&GARY 23 GUAM 36.6 .1 14.0 6.6 6.2 7.9
125 CALARY 22 PHILIPINES 56.2 .S 16.1 80 6.0 9.3

FIGURE F-2
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% OOPPLER NAVSAT SOLUTION NSWCGZ0947

RELATIVE PLATE NOTIONS
FROP NO AMERICA TO AUSIRALIAN

RATES 1CN/YRI STANOARD ERRORS
"EF STA LOCATION TO STA LOCATION LONG LAT HEIGHT LONG LAT HEIGHT

* 113 NEN MEXICO 112 AUSTRALIA -7.0 1S2 -5.2 liT .Ls 2.1
114 ALASKA 112 AUSIkALIA -92 2S4 26&4 2.1 Lo5 1.9
116 GKEENLAND 112 AUSTRALIA -15.2 4.6 26.2 3.8 3o4 4.2
192 TEXAS 112 AUSTRALIA 1.0 18.7 4.2 3.3 2.4 3.1
310 MAINE 112 AUSTRALIA -. L1 19.2 -7.4 2.S 107 2.2
320 MINNESOTA 112 AUSTRALIA 3.8 13.0 15.4 2.3 1.6 2.1
330 CALIFCRhIA 112 AUSTRALIA 1.3 9.3 6.1 1.9 1.4 2.6
128 OTTAWA 112 AUSTRALIA 7.3 14.9 47.2 5,4 4.4 5.8
125 CALGANY 112 AUSTRALIA 34;8 27.0 -9o2 6o3 4o6 6o.2
107 VIRGINIA 112 AUSTRALIA 1.7 32.1 -6o9 6.4 6.3 9o2

RELATIVE PLATE NOTIONS
FROP NO AMERICA TO AFRICAN

RATES (CH/VRI STANDARD ERRORS
REF STA LOCATIGNh TO STA LOCATION LONG LAT HEIGHT LONG LAT HEIGHT

113 NEW MEXICO 20 SEYCHELLES -S.6 -4.1 6.9 395 3o3 3o4
113 NEW MEXICO 105 SO AFRICA -7 7.9 408 2.0 1.6 2.2
114 ALASKA 20 SEYCHELLES -log 9.4 36.9 3o9 3.1 4.2
114 ALASKA 105 SO AFRICA 3.1 1T. 27.S 2.6 1.9 2.4
118 GREENLAND 20 SEYCHELLES -14.0 -6.6 23.2 7.6 601 7.5
118 GAEENLAIND 10S SO AFRICA -11.8 2.1 3S,9 4.1 4.0 4.S
192 TEXAS 20 SEYCHELLES 9.2 -L409 16.7? 6.4 4.7 6.6
192 TEXAS 195 SO AFRICA 6.1 1.9 14.6 3o6 2.9 3.6
310 MAINE 20 SEYCHELLES .4 -.4 2.2 4.7 3.5 4,1
310 MAINE 105 SO AFRICA 7.4 10.2 3.3 2.6 2.0 1.9
320 MINNESOTA 20 SEYCHELLES 4.6 -3.2 2S3 401 3.2 4.1
320 MPINESGTA 105 SO AFRICA 10.0 4.S 220.7 2.3 2.1 2.6
330 CALIFORNIA 20 SEYCHELLES 3.3 -709 22*1 3e3 3.1 4.4
330 CALIF&RNIA 105 SO AFRICA 6,4 2.9 15.9 2.6 104 2*.
126 OTTAWA 0 SETYChELLES 10.9 -7.4 71.1 8.6 7.0 6.2
128 OTTAWA 105 SO AFRICA 16.s 2o9 43,1 5.9 SOS S.S
125 CALGAiV 105 SG AFRICA 31.8 11.4 -,1 7.6 S.G 70
107 ViAGINIA 105 SO AFRICA 10.9 6.1 -11.3 6.4 7.5 6.1

RELATIVE PLATE NOTIONS
FRCP I AMERICA TO ANTARCTIC

RATES iCM/YRi SrANDAR9 ERRORS

RtF STA LOCATIGN TO STA LOCATIGN LON. LAT HEiGIT LONG LAT HEIGHT

113 NEW MEXICO 19 NCIIUROO 2.2 1.7 -S.3 'be? 4.4 4.6

114 ALASKA 19 NCHUROO 66 9.6 210. 4.7 4.7 4.6

118 GREENLANO 19 NCHUCOQ -10,9 -9.1 2696 6.1 Sa Se6

192 TEXAS 19 NCUROO 16.s -S.3 4.6 569 SOS S.6

410 MAINE 19 MCHUROO ?.7 4.1 -SOS, SOSl 4.s see

£20 MINNESOTA 19 MCHURDO 9.8 1.3 14.9 S.1 4.7 4.6

330 CALIFORNIA 19 HCMUROO ass -1.2 -. 4.9 46 See

FIGURE F-3
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OGFP4k NAVSAT SO.UTION NSWC4G209I

RELATIVE PLATE NOTIGNS
FEfP fUfASIAN TO PNILIPPINE

RATES (CMIVR) STANDARO ERRORS
REP STA LUCATILN TO STA LOCATION LONG LA! HEIGNT LONG LA! HEIGHT

21 WELGIUN 23 GUAM -10.3 -2.9 17.8 2.8 2.3 2.6
21 BLLGIUM 22 FHILIFINES -2.5 -2.9 13.4 3.4 2.6 3.?
2, JAPAN 23 GUAM -9.2 6.6 14.3 4.1 3.3 3.6
2? JAPAN 22 FMILIRIWES 4.1 2.8 165. 3.7 3*9 4.7

641 ITALY 23 GUAM -26.0 2.1 32.3 .0 SS S 4

641 ITA.Y 22 FNILIFINES -13.6 -?.S 32.9 6.S 6.9 seo

DOPPLER NAVSA7 soLUTION kSWc62zogT

RELATIVE PLATE NOTIGNS
PROP EURASIAN TO AUSTRALIAN

RATES ICNIVRV STANDARD ERRORS
uEF STA LOCATON TO STA LOCATION LONG LAT HEIGHT LONG LAT HEIGHT

21 BELGIUM 112 AUSTRALIA -6.4 13.1 -4.8 1.6 1.7 2.0
27 JAPAN 112 AUSTRALIA .6 29.1 -4.2 3.4 2.6 3.6

641 ITALY 112 AUSTRALIA -15.6 14.6 .1 S.? S.3 s.9

116 EG&ANO 112 AUSTRALIA -11.1 35.1 -4.1 9.6 6.3 16.6
DOPPLER NAVSAT SOLUTICN NSNGC20907

RELATIVE PLATE NOTIONS
FROP fURASIA, TO ANTARCTIC

RATES 9CWIYR) STANDARD ERRORS

REF STA LUCATIUN TO STA LOCATION LUN6 LAT NEIGHT LONG LA! HEIGHT

21 BELGIuM 19 NCNUADO -. 6 *1 -3.S s. 4.4 4.6
2? JAPAN 19 MGMURO0 1.4 13.9 -S.3 7.4 ?.O 7.4

OPFPLER NAVSAT SOLUTION NSN0620907

RELATIVE PLATE NOTIHS
FROP 9UAASIAN TO AFRICAN

RATES ON/Y1) STANDARD ERRORS
REP STA LUCATION TO STA LOCATION LONG LA! HEIGNT LONG LA! HEIGHT

21 BELGIUM 20 SkYCHELLES -6.3 -4.9 4.6 3.6 3.1 3.7
21 BELGIUM 105 SO AFRICA -3.1 6t 2. 2.4 1.9 2*
27 JAPAN 20 SEYCHELLES -3.1 4.0 9.3 Sob 4. 4.9
27 JAPAN 105 so AFRICA .9 16 . -.S 4.3 3.9 4.1

641 ITALY 20 SEYCHELLLS -14. -11.2 it.1 7. 7.3 6.9
641 ITALY 165 SC AFOICA -9.* 2.4 o 6.4 S.7 .7
116 ENGLANO 165 SO AFRICA -3.5 11.9 -LG.1 9I 6.6 6.4

RELATIVE PLATE NOTIONS
FROP AUSTRALIAN TO ANTARCTIC

RATES CNIR STANDARD ERRORS
REF STA ##CATICN TO STA LOCATION LUNG LAT NEIGH! LONG LA! HEIGHT

112 AUSTRALIA 19 "CNUROO 9.5 -12.9 be 4.3 4.3 k.
UOPPLE m AVSAT SOLUTION NSNWC20907

RELATIVE PLATE NOTIONS
•FA4CP AUSTRALIAN To AFRICAN

RATES 4CN1R) STANDARD ERRORS
KEF STA 6UCATION TO STA LOCATiON LONG LA! HEIGHT LONG LAT NEIGH

112 AUSTRALIA 26 SEVCHELLES -2.J -16.6 14.4 4*1 3.4 3.3
112 AUSTRALIA 10S SO AFRICA 6.? -6e 6.4 2.1 1.9 1ee

RELATIVE PLATE NOTIGNS
FROP ANTARCTIC TO AFRICAN

RATES 4CNIVAS STANDARD ERRORS

ALF STA LWAT1N TC STA LOCATION LONG LAT NEIGHT LONG LAT NEIGH!

19 MCMURDG k6 SVGIHELLtS -12.0 2.9 181 ?so 7.9 .o6
19 MNCURCJ 105 SC AFRICA -1.1 9.2 669 5* 5.S set
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-.r NPPLER NVS*1 SOLUTION uSuCu2s96

RELATIVE PLAT& NOTIONS
FRP SO AMERIA To PIFIG

RATES few/VAl STANDARD caml~s

PAP STA I.OCATICN TO STA LOCATION LONG LAi NEGT LONG LAI NEIGH
A GRAZIL Slb SAMbg -12.0 So? 2.9 .1 .1 3. fs
* IRAZIL 346 NwMAII -I.e -0. 1e 3.1 2. 2.6

DOPPUL NAVSA? SOLUION uSINaM8I7

RELATIVE LATS NOItONS
; POP SO AEIA To EURASIAN

RATES IGN/TA) STAMOARS ERRORS
MY STA LOCATION TO SA LOCATZON LONG &AT HEIGHT LONG LA? HEIGHT

* MAZIL a1 SELGIU 0.1 -2.1 1.1 5.2 2.2 2.5
a IAuL a7 JAPAN -o4 -&To@ 11.6 44 3.1 3.4
* iMAuL *41 SWALV I.6 -7.601 .6 9.1 7.1 G.S

•sa..a bAVSA! SOLUTION ISUCOUS0?

SIELAUIW PLATE NOTIONS
POP SO AMNICA TO PHILIPPI E

ATES iCfWhJ STANODSO EROS
R MV $7A LOGATILON T SA LOCATION LONG LAT HEI6NI LONG LA? NEIGHT

. IRAIL 23 GUMI -9.9 -0.1 19* 3.7 2.W 1.6

. MAOIL 22 PtILIFIUES 2.4 -3.6 21.2 1.9 3.6 4.2
DOPPLER MAAT SOLUTION "SoSNCO20?

SELATIVE PLATE NTIONS
POOP So AMERICA 10 AUSTRALIAN

SATES WHOMI STANOARO ERRORS
SEP STA LOGAIZON TO SA LOCATION LONG LAI HEIG6T LONG LAI HEIGHT

6 BRAZIL 1i ASTSALIA '2.S 1107 *o 8. 2.2 2.3
""Ls NAVIAT SOLUTION aSKIIGceu

RELATIVE PLATE NOTIONS
PaP St APERICA 10 ANTARCTIC

oLES ISI III STANDANO ERRORS
SUF 51 LOCATION TO STA LOCATION LONG LAI MGH LONG LAI HEIGHT

A AZIL is. MNIUM0 .2.6 1.7 -1.6 So Go2 4.6
SO iE RAUSAT SOLUTION NCIS90H17

RELATIVE PLATE NOTIONS
FIRO So ANHEIGA To AF0IGAN

SITES ICFwvI STANOASO Kans0s
FAY STA LOCATIGk TO STA LOCATION LONG LAI HEIGHT LONG LAT HEIGHT

S MAZL 28 SEVINEILES -4.1 -8.5 10 8.1 3. 4w.
* o0-Zf , A USTRL .8 7.1 3.7 2., 2.,

SIES SCANIt STANIAN EIRRS
WEF STA LOCATION TO SA LOCATION LONG LA! HEIGHT LONG LA? NEIGH

Is SUAN 112 AUSTIALIA 4. lg. -26.1 2.9 2.0 2.1
SN MIIPIIES 1III USTRALIA -6.1 14.1 M17.? a.6 2.8 1.1

DOPPLER N MV I SOLUTION "MuNG OW?

RELATIS E PLATE NOTIONS
IPUOP PRILIPPIHE TO ANTARCTIC

RATES WHOMISS STANDAR E545055
OEP S1 LOOGAICN TO S1* LOCATIM LONG LAI NEIGHT LONG LA! NEIGHT

GR StMo 19 U580 -7 .9 5.1 -16.8 5.9 8.2 8.
a Mu DIISpg to MENU0 .. -8.2 - 8 .o* .6 5.? 4.

;OPPLES 6V6IA5 SOLUTION "SNiIlta9?

RELATIVE PLATE NOTIONS
PIg HIqL PPINE TO AFRICAN

ANY S11 L OATION I STA LO CA ICh LONG LA " T L ON66 L" " aA! NEIGM
11 SA 21 SEWGHEIS 1.6 ".1 -0 0.1 01 0*8

8a SIN 1W8 sO APIICA 6ot 78 -116 *3. 2.9 3.2
ME I PLIPIIES IOn so At""0 "I.8 % .2 -11.% 1.2 2.6 3.?
a P1ILIPIOIS ME 1 EWONELLES -409 -*6 -6.o 3.1 1.6 %.O

0599055 MISSI SOLUTION *$VS "?230
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DGPPLER NAVSAT SOLUI"ION NSWC209o?

RELATIVE PLATE NOTIONS
FROP PACIFIC TO EUKASIAN

RATES (CN/VR) STANOARO ERRORS
REF STA LOCATION TO STA LOCATION LONG LAT HEIGHT LONG LAT hEIGHT

-4

24 SAMOA 27 JAPAN 7.9 -906 -1.2 402 3.1 4.2
Z 2& SAMOA Ei ITALY 19.6 6.8 -1'.42 s.0 503 6.6
340 HAWAII 2? JAPAN 11.6 -3.9 -13.8 309 2.? 2.7
340 HAWAII 641 ITALY 25.6 8.9 -26.0 6.5 6.2 502
24 SAMOA 21 BELGIUM 17.7 -4.6 -14.4 3.3 2.5 3.2

340 HAWAII 21 BELGI UN 14.3 SOS -140s 2.7 2.1 2.3
DOPPLER NAVSAT SOLUTION NSNC62O9OF

RELATIVE PLATE NOTIONS
FROP PACIFIC TO PHIL&PPINE

RATES 6CM/V4iR STANDARD ERRORS
REF STA LOCATION TO STA LOCATION LCNG LAT HEIGHT LONG LAT HEIGHT

24 SAMOA 22 FHILIFPIES 24.1 -12.6 -.5 se 3.6 so
340 HAN"I 22 PHILIFINES I.S 104 3.s 303 2.9 4.2
24 SAMOA 23 GUAM 6.2 -01 .4 3.7 2.9 3.6

340 HAWAII 23 GUAM 3o4 1o6 1.6 2.9 2.5 2.1
DOPPLER NAVSAT SOLUTION NSWC820987

RELATIVE PLATE NOTIGNS
FROP PACIFIC TO AUSTRALIAN

RATES ICNIfdD STANDARD ERkORS
RUF STA LOGATICN TO STA LOCATION LONG LAT HEIGHT LONG LAT HEIGHT

24 SAMOA 112 AUSTAALIA 12.0 9.1 -26.7 3.1 2.7 2.T
340 HAWAII 112 AUSTRALIA 8.3 1909 -1609 2.5 2.1 2.1

OGPPL.R NAWSAT SOLUTION NSNC82098?

RELATIVE PLATE NOTIONS
FkOP PALIFIC TO ANTARCTIC

* RATES (CN/V) STANDARO ERRORS
RiF STA LOCATICN TO STA LOCATION LCNG LAT HEIGHT LONG LAT HEIGHT

- 24 SAMOA 19 MCMUROO 22.6 -6@4 -28.2 5.6 5.2 Se
340 HAWAI 19 NCNURGO 15.6 500 -15.5 4.e 6 404 4. 5

OGFPE R NAVSAT SOLUTIGN NSWC820907

AiLATIVE PLATE NOTIONS
FRCN PACIFIC TO AFRICAN

RAIS (CM/YrRi STANDARD ERRORS
REF STA LOCATICN TO STA LOCAT CN LONG LAY HEIGHT LONG LAT HEIGHT

24 SAMOA 20 SEVCHELLES 1296 -15O7 -5O0 5o? 4? 5.5
2 SAMOA 105 SO AFRICA 1ol -6ol -21.0 3.? 2.9 3.4

340 HAWAII 20 SEYCHELLES S. -2.0 -4.9 4.1 3.3 4.1
340 HAWAII 05 SO AFRICA 10.? 8.2 -9.3 2o6 2.5 2.3

FIGURE F-6
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